The hypothesis that investors optimize with respect to the mean and variance of their end-of-period wealth has powerful implications for some standard questions of interest to international macroeconotnists. The implications transcend the particular econometric technique used to estimate the return variance-covarjance matrix.
INTRODUCTION
Many important questions in international finance depend critically on the nature of the exchange risk premium, defined as the expected rate of return on foreign assets relative to domestic assets. But the risk premium has proven to be a difficult variable to get a handle on empirically. In past work, in order to bring more structure to bear on the problem of the risk premium, I have made the assumption that investors diversify their portfolios so as to optimize with respect to the mean and variance of their wealth. But the contribution proved to be a negative one in that, using my econometric technique to impose the constraint of mean-variance optimization, I was unable to reject the hypothesis that investors were risk-neutral and that the risk premium therefore did not exist.' A failure to reject a null hypothesis could always be attributable to low power in the test. Furthermore, one criticism that could be -C k-. and other assets could be accurately measured, a questionable assumption.
We will see in this paper that the hypothesis of mean-variance optimization is sufficiently powerful to have important implications that transcend specific techniques of data computation or econometric estimation. The hypothesis turns out to imply that the exchange risk premium, even assuming it exists, is extremely small in magnitude. When the supply of foreign assets is increased by one percent of world wealth--a large number--the effect on the risk premium is only on the order of .02
-1- Even if these parameters are estimated at levels several times higher, the implied effects on the risk premium are still of a negligibly small magnitude. One implication, the answer to the first question considered below, is that the risk premium is relatively unimportant for evaluating tests of efficiency in the forward exchange market.
It does not follow, however, that imperfect substitutability between domestic and foreign bonds is unimportant for all questions of interest. Another way of stating the conclusion--the proposition that changes in asset supplies need have only small effects on the risk premium to be willingly absorbed into the market--is to say that small changes in the risk premium have large effects on asset demands and therefore on the exchange rate. We will see that the framework of optimal portfolio diversification is a useful one in which to examine some standard questions regarding the determination of exchange rates. Often it will be possible to get interesting quantitative results that are not sensitive to the precise techniques used for measuring asset supplies or estimating variances and covariances. Many authors have statistically rejected the hypothesis that the forward rate is a conditionally unbiased predictor of the future spot rate. Several, for example, have found statistically significant serial correlation in the forward rate's prediction errors. I found autoregressive coefficients on the order of .4 for the pound and the lire (against the dollar, July 1974 to April 1978) in Frankel [1980, p. 10941. Hansen and Hodrick [1980, p. 840] regressed the prediction error against the lagged prediction errors, not just of the own currency, but of four other currencies as well (October 1974 to April 1978 . The mark had an ownautoregression coefficient of minus .665. Many of the cross coefficients were significant as well; they had both positive and negative signs, but similarly large magnitudes.2 Some authors have tested the hypothesis that the interest differential is an unbiased predictor of the future rate of currency depreciation, which given covered interest parity is equivalent to the first hypothesis, and have also rejected it. Cumby and Obstfeld [1984] found a statistically significant autocorrelation coefficient of .5 in the interest differential's forecast error for the yen.3
It is well-known that these are all tests of a joint null hypothesis:
-4-(a) that there is no risk premium, so that the forward rate is equal to investors' expectations as to the future spot rate, and (b) that the market is efficient, so that investors' expectations are equal to the mathematical expectation conditional on available information.
Some authors, such as Hansen and Hodrick [19801 and Cumby and Obstfeld [1981] , interpret the test results as evidence of the importance of the risk premium, thus leaving the market efficiency part of the joint null hypothesis intact. Could nonzero autoregressive coefficients be attrib- The prediction error can be decomposed into the expectational error and the risk premium:
(1) (1s÷l_fd)=rp+E+1.
-5-Its autocovariance is given by (2) Cov(s÷i -fd, s -fd1)
= Cov(rp, ts -
fd1)
+ Cov(c+i, fd).
Assuming rational expectations, the last covariance term is zero. Thus the autoregression coefficient is given by Cov(rp, s-fd1)
Autoregr(s1 -fd) = Var(.s-fd1)
The risk premium rp is not observable. But it can be assumed related to the relative supplies of countries' assets as in a portfolio balance equation for asset demands.4
In inverted form
An increase in the supply of a country's assets requires an increase in the expected rate of appreciation of its currency (relative to the forward discount or interest differential) for them to be willingly held.5
We use equation (5) in (3) -1 Covx, s-fd1)
Autoregr(s1 -fd) Note: The data sources and computations are described at length in Appendix 4 to Frankel (1982) . The sample period is August 1973 to August 1980.
(1)
Cov(x,e) are too large to be explained by the risk premium. We must wait for further information from mean-variance optimization theory.
Question 2. Can foreign exchange intervention have a meaningful effect on the exchange rate?
One reason why there has been so much interest in estimating investors' degree of substitutability among countries' assets (as in the studies cited in footnote 5) is that it has been thought to determine the effectiveness of foreign exchange intervention, particularly intervention sterilized so as to have no effect on money supplies. The argument is that as the parameter B in equation (4) goes to infinity, B' in equation (5) goes to zero, so that asset supplies have no effect on relative expected rates of return nor, presumably, on anything else. But the step from relative expected rates of return to the spot exchange rate is not Immediate.
The portfolio share allocated to foreign assets is defined as (7) x SF/W where S the level of the spot exchange rate, F the supply of foreign assets, D the supply of domestic assets, which we will take to be dollars in the empirical work, and W total wealth, SF + D.
-7-
The portfolio share allocated to domestic assets is given by (8) 1-x=D/W.
We take the ratio to get an equation of exchange rate determination:
S=--1---.
Equation (9) says that the exchange rate is determined by the relative supply of domestic vs. foreign assets and the relative demand for the two assets. Taking logs, log(D/F).
We want to know the effect of an unanticipated change in asset supplies 9. on the exchange rate. If expected rates of return and therefore the asset demand shares x by equatIon (4) are unchanged, then the effect is simply proportionate to the change in asset supplies. Given actual magnitudes of intervention, this would not be a particularly large effect, even if we are talking about nonsterilized intervention.
But the effect could be larger if the change in current asset supplies alters market expectations as to future asset supplies, and alters the expected rate of return and therefore x. Differentiating (10): The effect of a curreit change in asset supplies on the rationally expected future path depends on the time series properties of 9.. For example, if 9. follows a random walk, then dE(9.÷) = d9. and ds = d9.,
i.e., the exchange rate simply changes in proportion to the current asset supply (as we could have guessed directly from (15)). At the opposite extreme, if 9.. follows a random walk on trends, then dE(2..+) r d9., and ds = (1+X)dP. (also as we could have guessed directly from (15)). .11
-10-In each case, the process is not stationary on levels; first differencing is required. But after an innovation in the supply of domestic assets, the effect on expected future changes damps out fairly quickly.
In no case is the specification of a random walk on trends appropriate.
In different cases, different ARIYIA processes seem most appropriate. To simplify and standardize, we will consider ARNA ( They are close to zero for Canada and Japan, suggesting that asset supplies for these countries follow a simple random walk on levels.)
Without any way of estimating B and therefore A, we have no way of measuring the effect on the exchange rate of expected future changes in asset supplies. Again we must await the further enlightenment of mean-variance optimization theory.
Question 3. Can the current account have a meaningful effect on the exchange rate?
It has been recognized for some time that in models of exchange rate determination it is not proper to measure the supply of foreign assets as the cumulation of the current account (corrected for foreign exchange intervention),8 except in the special case when foreign investors do not hold domestic assets and so are irrelevant to the determination of -11-the exchange rate. But the current account will still have an effect on the aggregate world demand for foreign vs. domestic assets, and therefore on the exchange rate, if foreign residents have different behavior from domestic residents.9
We specify three separate asset-demand functions of the nature of (4) 
x -= Ar + (Ae_ Ar)We -(Ar_ Aa)Wa + B(rp).
We see that the total world demand for F assets depends not only on their expected relative rate of return rp, but also on the distribution of wealth across countries. Assuming that European residents hold the highest proportion of their portfolios in F assets, followed by restof-world residents (whom we have here assumed not to have their own currency) and American residents:
A >A >A.
e r a Then a European current account surplus that increases We will raise the total world demand for F assets. So will an American current account deficit that decreases Wa• Equation (10) provides the link from the portfolio share given by equation (18) to the level of the exchange rate. To see the effect of a change in We we differentiate:
(We do not consider any effects on expectations regarding the future.)
As we would expect, a European current account surplus that transfers wealth to Europeans from the rest of the world will cause the dollar to A proposition that circulates widely in European policy circles is that the value of the dollar (against an average of other currencies) affects the cross exchange rates within the European Monetary System. When the dollar was weak in the late 1970s, both the mark and the franc appreciated against the dollar, but the mark was the stronger and the French -13-repeatedly found it necessary to devalue, or in the days of the Snake to drop out of the arrangement altogether. Since the dollar began its great appreciation in 1980, the mark has at times been weaker than the franc, and the French have not found it necessary to devalue as often. The fear in Europe Is that when and If the dollar makes its long-awaited fall, the change will take the form of a portfolio shift from dollars into marks, once again putting downward pressure on the franc's value against the mark. Giavazzi and Giovannini [1984] examine this problem from several alternative viewpoints. Here we pursue one of their suggestions, that the relationship between a dollar depreciation and the franc/mark cross rate depends on the nature of investor substitutability among the three currencies in a model of optimal portfolio diversification.
We return to the version of the model In which residents of all countries exhibit uniform behavior, but we add a third asset
SF F e e = AF -B(sM) + BFF(sF).
Here xM is the share of the portfolio allocated to mark assets, SM is the spot dollar/mark exchange rate, M is the supply of mark assets, and similarly for franc assets F. B4 indicates the degree of substitutability between dollars and marks, and BFF the degree of substitutability between dollars and francs. We continue to assume interest rates constant and so we subsume them in the constant terms. The cross rate in francs per mark is given by the ratio of the two exchange rates. In log form it is ds1 dxM 1 dxF
the supply of dollars is thought to be a one-
will is no effect on the franc/mark cross rate bedollar/f ranc rates each simply increase in prothe supply of dollars.
increase induces expectations of a further inas seems from table 2 to be rational In some
will be positive. Consider for the -14-
where f is the log of F and m the log of M.
Let us assume that there is a depreciation of the dollar that comes as the result of an increase in the supply of dollar assets, d in log form. Then
From (22) and (21) In equation (4) we assumed that asset demands as a share of the portfolio can be expressed as a linear function of the risk premium:
In Krugman [1981] and Frankel [1983 ] (or Frankel [1982 for the n-asset case) it is shown that under certain assumptions, notably that investors optimize with respect to the mean and variance of their end-of--period wealth, (4) Intuitively, the more important to an investor is risk diversification (the larger is p or ), the less will he or she shift the portfolio in response to a given change in expected returns (the smaller is B).
Looking at the inverted form of equation (4) In equation (6) we saw that the amount of autoregression in prediction errors which is explainable by the risk premium depends on B', which we have now seen to be given by p 2. For each foreign currency, if one wishes to think about a simple two-currency portfolio as in tables 1 to 3, then B' is a scalar that could be estimated by twice the variance of (Ls -fd_1). The variance cancels out the denominator in equation (6), and we are left with simply p times the numerator
Cov(x, s -fd..1), which was reported in column (1) of table 1. Even -18-if that covariance is multiplied by 2 or higher estimates of the coefficient of risk aversion, the estimates are extremely small. The small magnitudes suggest that in studies where statistically significant autocorrelation is found, a risk premium is unlikely to be the explanation.
At least, that seems to be the implication of the mean-variance optimization theory of portfolio balance.
Three points remain to be made. First, the argument is relatively invariant to measurement errors in the asset supplies. The "true" asset supplies would have to behave very differently from the measured asset supplies to have a correlation with the prediction errors which is very much greater in magnitude than those reported in the first column of ta- The matrix of regression coefficients that are estimated in table 3 can be represented, using boldface to represent five-currency matrices and vectors,
[Varcov(M -fd_1)]1 Cov(M÷i -fd, As -f&1)
= p Cov(x, As -fd_i). The theory implies that the autoregression coefficient of prediction errors is bounded by (the corresponding covariance above) x (the coefficient of relative risk-aversion) Answer 2: An unexpected increase in the current supply of domestic relative to foreign assets can have a meaningful effect on the current exchange rate, especially when account is taken of effects on expected future asset supplies.
One percent increases in the supply of domestic assets in themselves raise the exchange rate by only 1 percent.'4 But the ARIMA estimates reported in table 2 show that a given 1 percent innovation in the asset supply generates rational expectations of future asset supply increases. We saw in equation (16) that the effect on the exchange rate will be more than 1 percent, and of a magnitude depending on the semielasticity of asset demand X. Now with equation (14) .0100806
.0100806
*R from Table 2 -22-because of more rapid damping out of asset supply changes. In the cases of the Canadian dollar and yen, the asset supply changes are essentially white noise, i.e., £t follows a random walk, so the effect of a 1 percent innovation is simply 1 percent: the spot rate follows a random walk in lock-step synchronization with the asset supplies.
The above calculations use semielasticities A that are based on x = -, under the artificial assumption that in each case the currency in question constitutes the entire nondollar portfolio. In reality each foreign currency considered alone constitutes a smaller part of the portfolio. As a consequence, the As are considerably larger, but, as table 5 shows, the effect on the exchange rate is virtually the same. The present-discounted sum is far less sensitive to A than it is to the asset supply autoregression parameter R.
Answer 3: The effect of a current account surplus on the exchange rate is meaningful in size, but is nevertheless less than the effect of a government budget deficit that creates an equal quantity of domestic assets.
Equation (18) The first point to note belongs to Krugnian [1981] : for the wealth redistribution to have a positive effect, it is not sufficient that > c, that residents of each country consume relatively more of their own goods. It is necessary that we also have p > 1. In the case of risk-neutrality (p = 0), residents of each country would prefer the assets of the other country due to Jensen's inequality. The "risk premium,"
as defined above would be, not zero, but fixed at ---) if consumption patterns were uniform across residents.'5 In the knife-edge case of the "Bernoulili investor" who has logarithmic utility (the limit as p goes to 1), Ae = Ar = Aa and the distribution of wealth has no effect.
We will continue to consider the more realistic case of p = 2, where versa, the effect of the current account deficits will be smaller. The result that the current account should have a smaller effect than an equal budget deficit was noted by Dornbusch [1983, p. 25] .
The effect on the exchange rate of the 1 percent European current account surplus, using a value of x = in equation (18) is 4.00
(Ae -Ar), which is 2.00 percent using our upper bound values of domestic consumption. The effect together with an equal U.S. current account deficit is 4.00 percent. The effect can be greater if there are expectations of continuing current account imbalances in the future, just as with the equivalent changes in asset supplies considered above.'7
Answer 4: A depreciation of the dollar would be associated with an appreciation of the franc against the mark rather than the other way around.
We showed above that the inequality (23) is the condition necessary for a depreciation of the dollar, whether originating In an increase in the supply of dollar assets or in the expected future supply of dollar assets, to be associated with an appreciation of the mark against the franc.
Now that we know the matrix of substitutability coefficients is proportionate to the inverse of the variance-covariance matrix (B = [p the condition becomes:
XF
The conditional variance-covariance matrix estimated in Frankel [1982, p. 2611 gives values for the relevant terms, shown here in table 6. As of 1980, XM was .12 and XF .05. Thus our estimate of p c1 is a negative number, -1644.2; the condition (23) fails; the dollar depreciation would be associated with a depreciation of the mark against the franc. This is the same result stated by Giavazzi and Giovannini [1984] :
the portfolio-optimization theory gives the reverse answer from the relationship generally suspected between the dollar and the franc/mark cross rate.
As with most of the questions answered above, this conclusion would follow even if the variance-covariance matrix and asset shares were computed in somewhat different ways. It is in part a consequence of the fact that the variance of the mark/dollar rate is greater than the variance of the franc/dollar rate, which implies that a well-diversified investor insists on holding both marks and dollars. Similar findings were obtained in the unconditional variances reported in column (1) of table 5, in the unconditional variance-covariance matrix of real returns (I.e.
allowing inflation rates to be stochastic) estimated in Kouri and de Macedo [1978] , and in the conditional variance-covariance matrix of real returns estimated in Frankel and Engel [1984] . The conclusion is also in part a consequence of the fact that francs constitute a considerably smaller proportion of the world portfolio than marks, which implies that a shift of the portfolio equally into marks and francs would drive up the price of the franc farther than the price of the mark. Japan means that these six countries' currencies are the world's investment assets. The dollar may be a closer substitute for the mark and the others than the dollar is for the French franc. It would then easily follow that a portfolio shift out of dollars would tend to be a portfolio shift into marks rather than into francs, and would cause the mark to appreciate against the other EMS currencies.
-27-
CONCLUSION
This paper has tried to show that the hypothesis of mean-variance optimization has powerful implications for some standard questions of interest to macroeconomists, implications that transcend the particular methods used for measuring asset supplies and estimating the variancecovariance matrix. The most striking conclusion is the small magnitude implied for the risk premium. An increase in the supply of dollar assets equal to 1 percent of world wealth raises the risk premium that must be paid on dollar assets by a mere 2 basis points per annum. One corollary is that a time-varying risk premium does not seem a promising explanation for any empirical findings of serial correlation or other conditional bias in the prediction errors made by the forward rate. Another corollary is that foreign exchange intervention has a negligible effect on the risk premium.
However, it does not follow that foreign exchange intervention or other changes in asset supplies need have a negligible effect on the level of the spot rate. A one-time permanent intervention undertaken so as to leave interest rates unchanged will affect the exchange rate in the same proportion as the change in asset supplies. An intervention that changes expectations of future policy in the same way as a typical innovation in asset supplies, will change the exchange rate more than proportionately.
The hypothesis of mean-variance optimization implies that the current exchange rate is very sensitive to expectations of future changes. If the expected permanent rate of growth ol the domestic asset supply is raised -28-as little as 0.1 percent per annum, estimates from mean-variance optimization imply an increase in the current exchange rate of more than 20 percent.
We have also seen that, under the assumption that the coefficient of relative risk-aversion is greater than 1, current account surpluses can have the traditional effects on the exchange rate. The implied effects are of the same order of magnitude as the effects of changes in asset supplies, though they must be slightly smaller to the extent that residents of each country consume goods of the other country.
Finally, we have seen that the hypothesis of mean-variance optimization implies that a depreciation of the dollar should give rise to a stronger portfolio shift into francs than into marks; this would tend to appreciate the franc against the mark, which is the opposite of the correlation generally believed to hold.
In the case of each of these answers, the suspicion may arise that perhaps the hypothesis of mean-variance optimization is steering us wrong.
No final position is taken here on that issue. But if the degrees of substitutability that have been discussed here seem impossibly high, it should be recalled that the working hypothesis in many models, both theoretical and econometric, has long been perfect substitutability. The hithertopersuasive argument against perfect substitutability has been that it requires either risk-neutrality or the absence of any "outside assets," both highly implausible assumptions.'8 But we now see that conventional estimates of risk-aversion and return variances imply a degree of substitutability so high that for some purposes it might as well be infinite.
-29-FOOTNOTES 'Frankel [1982b] fails to reject the null hypothesis that investors are risk neutral and the risk premium is nonexistent. The portfolio consists of six assets, goods prices are assumed to be nonstochastic when expressed in the currency of the producing country, and investor behavior is allowed to differ depending on country of residence. Frankel [1983] and Frankel and Engel [1984] use similar econometric techniques but test the mean-variance optimization hypothesis itself, and are based on different assumptions: the former assumes a two-asset portfolio while the latter allows goods prices to be stochastic in any currency, but assumes that investor behavior is uniform worldwide.
2Among the many other authors testing unbiasedness in the forward market--most of them rejecting the null hypothesis--are Frenkel [19761, Cornell [1977] , Tryon [1979] , Levich [1979] , Bilson [1981 ], Longworth [1981 , Hsieh [1982] , Baillie, Lippens and McMahon [1983] , Huang [1984] , Park [19841, Gregory and McCurdy [1984] , and Hodrick and Srivastava [1985] . Many of them test whether the forward discount overestimates or underestimates the tendency of the spot rate to regress toward a mean, and find the former. The proposition that this finding of "excessive speculation" (to use Bilson's term) can be explained by a risk premium can be challenged on the grounds of empirical magnitudes, much like the finding of autocorrelation.
3Dooley and Shafer [1983] and Cuinby and Obstfeld [1981] also find serial correlation in the difference between the interest differential and the ex post rate of currency depreciation.
-30-4One can easily interpret equations (4) and (5) and similar equations appearing below in an n-asset framework: x is a vector of portfolio shares allocated to the various assets, rp is a vector of expected rates of return on the various assets relative to a reference asset, A is a vector of intercept terms and B is a matrix of substitutability coefficients.
5One approach to testing whether the systematic component of the prediction error is indeed a risk premii has been to run regressions on an equation derived from (1) and (5): Frankel [1982a}, Rogoff [1984 , and Booth, Clinton, Cote and Longworth [1985] found no evidence of a relationship between prediction errors and asset supplies as in equation (5'); but Park [1984] and Loopesko [1984] did find such a relationship.
6Note that this special case is much less plausible in the long run than in the short run. Henderson [19841 describes a central bank policy of market intervention so as to keep both the exchange rate and the interest rate constant as a "rates constant" policy.
7See Frenkel [1983, p. 11], Frenkel and Mussa [1980] , or the Bilson, Frenkel and Hodrick papers in Frenkel and Johnson [1978] .
should be measured, rather, as the cumulation of the foreign government deficit (corrected for foreign exchange intervention), analogously to the supply of domestic assets.
9See Kouri and de Macedo [1978] .
-31-10The reasoning suggests an inductive proof that (23) is sufficient to imply a positive effect on s. But some restriction on the effect of the supply of dollars on the entire expected future path is also needed for such a proof.
"The derivation assumes that goods prices are nonstochastic when expressed in the currency of the country producing them, so that the exchange rate is the only source of uncertainty. Frankel and Engel [1984] follow Kouri and de Macedo [1978] arid Dornbusch [1982] in allowing goods prices to be stochastic like exchange rates; the effect is to modify A in equation (25), but to leave qualitatively unchanged the answers to most of the questions considered here.
12 Macedo [1980] and Krugman [19811 From the variance estimates in tables 1 or 3 it follows that the constant term is on the order of only .01 percent per annum. More generally, empirical studies have found no significant unconditional bias in the forward rate: for example, Cornell [19771 and Frankel [19801. Thus Hansen and Hodrick [1980] and others refer only to a time-varying risk premium. this includes monetized debt but excludes dollar debt issued by foreign governments.) It also represents a decrease in the supply of foreign assets of the same magnitude, so that the total effect on the relative asset supply is larger than 0.3 percent.
15mis follows from footnote 13. In the case of divergent consumption patterns, rp is undefined (overdetermined) under risk-neutrality, because residents of different countries try to set it at mutually inconsistent levels, much like risk-neutral speculators who have divergent expectations, or agents in any market who have infinitely elastic demands at divergent prices. But in the limit as p goes to zero, rp goes to --÷ (a -a )w -(a -a )w ]. for German residents, .01 for U.S. residents and .47 for rest-of-world residents (under the highly artificial assumption that all goods were produced in either Germany or the United States) [Frankel 1983, p. 322] .
'71f world wealth is measured as the sum of the outstanding stocks of government debt, whether monetized or not, of the seven largest coun- proposition is demonstrated in Frankel [1979] . The absence of outside assets would have to extend beyond government debt, to money and real assets.
